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Seismosedimentation and lives of Reservoirs
Arun Bapat
Central Water and Power Research Station, Pune, india

SYNOPSIS : When moderate to major earthquakes, usually of magnitude more than or equal to 6. 0 on
Richter Scale, occur in catchment area of river, additional amount of geological materials is
generated, which is called as Seismosediments and the process is known as Seismosedimentation.
River flow mechanism carries it down to reservoir. This amount of seismosediment is quantified by
a mathematical relation.
A specific case of seismosedimentation with reference to sediments in
Bhakra reservoir has been discussed.
It is observed that seismosedimentation could reduce the
economic life of reservoir and adversely affects the utility of reservoir. Re-examination of lives
of large reservoirs in active seismic zones is recommended.

INTRODUCTION
Occurrence of earthquake in the vicinity of
reservoir
do
affect
the
functioning
of
reservoir.
This effect could be as small as
causing a seiche in reservoir or collapse of
the affected dam.
During the present century
about ten dams have collapsed due to seismic
effect. The notable among these are failure of
Sheffild dam during Santa Barbara Earthquake of
June 29, 1925, slide in Lower San Fernando dam
during San Fernando Earthquake of February 09,
1971, damage to Eklutna dam during Alaskan
earthquake of March 1964, damage to Koyna dam
during Koyna earthquake of December 10, 1967
and damage to 95 reservoirs due to Tokachi
Offshore earthquake of May 1968 in Japan.
In
addition, the failure of 80 m high Baldwin Hill
dam in the Western California was due to earth
movement.
The
earth
movement,
due
to
subsidence manifested itself by opening and by
offsetting at a fault, a plane of weakness.
Failures of dams due to earthquake is not being
considered in this paper.
However, it is not
known whether
there
were
any
reservoirs
downstream of these failed dams.
If so, then
the entire sediment load from failed dam would
have
been
deposited
in
the
downstream
reservoir.

Construction of large reservoirs all over the
world during last few decades had heralded an
era ·•
of technological progress for various
countries in the world.
Water holds key to
progress in agriculture, industries, power
generation etc ••
This is widely reflected in
the prosperity achieved through various dams
such as TVA dam in USA, Bhakra dam in India,
Aswan dam in Egypt and Nurek dam in USSR and
several other dams in the world.
During the
recent past a new
group
consisting
of
environmentalists,
ecologists
and
nature
conservationists is emerging and contesting
construction of large reservoirs.
The main
objection
of
this
group is the likely
disturbing effects of these reservoirs on
nature and geology.
However it is felt that
these effects are debatable.
Each water
reservoir has a finite life period and the
benefits such as power generation and water
for irrigation are projected over a finite
length of time.
Life
of
reservoir
is
primarily based on average annual rate of
sedimentation.
Like entropy, the available
beneficiary potential of reservoir goes on
decreasing with time.
The main reason for
this depleting power is reduction in effective
volume of reservoir due to deposition of
sediments in reservoir.
There are several
mathematical relationships and formulae for
estimation
of
average
annual
rate
of
sedimentation. The values of coefficients in
these relations vary with type of geology and
river regime characteristics.
Some of these
have
been tested with the help of physical
models also. But presence of great degree of
heterogeneity
in river regime puts some
constraints on these relationships.
Despite
these limitations, these relations offer a
reasonable estimate of annual sediments.
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Occurence of medium to large earthquake
in
the
vicinity
of
river
regime
generates
additional amount of geological materials which
in turn is collected as sediment by river flow
mechanism.
This effect was known to engineers
and scientists for long but was not considered
seriously. Bapat ( 1985) has described this as
'Seismosediments' and the process is called as
'Seismosedimentation' •
Bapat
( 1981)
had
quantified seismosediments and has offered a
mathematical
relation
for
estimation
of
seismosediments in terms of average rate of
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Q = RPTF (Tons)

annual sedimentation, probability of occurrence
of earthquake and estimated life of reservoir.
It proposed to discuss this effect for
selected few cases in world, with a specific
case from Bhakra reservoir in India.

where Q(Tons) is the amount of seismosediments
during T(Years), R(Tons/Year) is the average
annual rate of sedimentation,
P is
the
probability of occurrence of earthquake in the
vicinity of river regime and F is the fraction
due to seismosediments.
This relation has
been further modified by Bapat (1988) to
account for various magnitude ranges.
It is
also possible that earthquake epicenter may
not be located within the limits of catchment
area of river.
Occurrence of earthquake at
some distance from the limits of catchment
area would also generate seismosediments.
Table 1 gives the distribution of earthquake
magnitude and effective distance range which
could
produce
seismosediments.
These
distances are based on reports of several
macroseismic
observations
during
the
post-seismic periods.

SEISMOSEDI~~NTATION

Bapat (1985) has given following definition of
seismosediments
and
the
process
of
0 Geological
seismosedimentation,
materials
which are crushed, fractured, loosened or
displaced directly or indirectly as a result
of
earthquake induced processes
such as
landslides,
landslips,
slumps,
mudflows,
avalanches,
liquefaction,
rockfalls,
rockslides etc. and which move under gravity
in catchment area of river are defined as
seismosediments
and
the
process
as
Seismosedimentation".
When an earthquake of
moderate to major size, usually of magnitude
6.0 or more,
occurs in the vicinity of
catchment area of river, seismosediments are
generated. This is illustrated with reference
to the occurrence of an earthquake in the
catchment area of river
Sutlej
in
the
Himalaya,
on
January
19,
1975.
This
earthquake has been described by Gosavi et al
(1977).
The 0 epicenter of this earthquake was
at about 32.5 N and 78.4°E with a magnitude of
about 6.5 on Richter Scale. Geologically, the
terrain consists of weathered loose formation
such as Sivaliks, Krolls and glacial morains.
As a result of earthquake there was huge
landslide near village Kaurick and the flow of
river Parachu, a tributary of Sutlej, was
temporarily blocked due to formation
of
natural dam.
The height of this natural dam
was about 20 m.
This blockade breached
between 27th - 28th January 1975 and a rise of
about 50 em in the water level of Sutlej was
observed on 28th January 1975.
The water was
conspicuously turbid and the sediment load was
very high.
In addition, there were several
landslides in Spiti valley.
Bhakra reservoir
and dam are constructed on river Sutlej and is
located at about 200 km away from the
epicenter of the earthquake on January 19,
1975.
The sediment observation near the
reservoir with reference to this earthquake
has been described by Bapat (1980).
He has
further
observed
that
as
a
result
of
earthquake the life of reservoir could be
reduced by 15 - 30 percent of the estimated
life. Normally, sediment load is high during
the monsoon period of July-August-September
and highest peak occurs during the month of
August.
Further, the sediment load during
January-May
is
quite
low.
During
the
post-seismic period, there was sudden rise in
sediments and it reached peak value of about
1100 hectre-metre in June 1975 and this was
followed by the usual annual peak at about 687
hectre-metre
in
August
1975.
The
seismosediments are about 1. 6 times that of
the peak value.
It is also possible that
natural sediment
at
some
distance
from
earthquake epicenter would flow alongwith
seismosediments down to reservoir.
Bapat
(1981)
has given following relation for
quantification of seismosediments.
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••• ( 1)

Magnitude Range

(M)

Distance upto which
it may produce
Seismoseaiments (km)

5.5

6.4

30

50

6.5

7.4

50

75

M

:r

7.5

upto 150 km or more

Table 1. Distribution of earthquake magnitude
range and distance from the boundary of
catchment area of earthquake epicenter which
could produce seismosediments.

Considering
the
magnitude range,
modified as

above
distribution
of
relation
(1)
has
been

••• ( 2)

where P1 , P 2 and P 3 are the

corresponding

probabilities of occurrences of earthquakes of
magnitude ranges M1 , M2 and M3 and F 1 , F 2 and
F3 are corresponding components of seismosediments.
It
is
observed that the above
relation, quantifying seismosediment is found
useful in the case of Bhakra reservoir due to
earthquake of magnitude 6.5 of January 1975.

DISCUSSION

It is observed that seismic data for different
countries
are freely
available.
However
monthly or yearly sedimentation data for
various reservoirs located in active seismic
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----------------------------------------------------------------------------------------------------Country
Location
Height
Type
Dam
River
No.
(m)

---------------------------------------------------------------------------------------------------100
104

El-Asnam

Algeria

British Columbia

Canada

226

Punjab

86
103

Auckland
Jawa

India
New Zealand

178

Lombardi a

Italy

148
143

Michoacan
Haripur

Mexico
Pakistan

108
194

Ankara
California

Turkey

Arch
Earth

317

Tadjikistan

USSR

Oued
Kenny

Gravity

2.

Fodda
Nechako

3.

Sutlej

Bhakra

4.

Rangataiki.

5.

Tjitarum

Matahima
Djatiluhur

Gravity
Earth

6.

Alp Gera

7.

Cormor
Balson

8.
9.

Indus
Sakarya

Tar bela
Sariyar

10.

North Yuba

11.

Vakhsh

New Bullards
Bar
Nurek

1.

El Infierillo

Earth·

Earth
Gravity
Earth
Earth
Gravity

Indonesia

USA

---------------------------------------------------------------------------------------------------Table 2 • . List:few selected large dams in active seismic parts of world.

---------------------------------------------------------------------------------------------------regions are not available freely.
At times
these data are classified or it could not be
made available. A few cases where the amount
of seismosediments have been estimated during
some
post-seismic
surveys of destructive
earthquakes are available and these figures
are quite informative.
These estimates are
grotesque
and
are
observed
during
macro-seismic field investigations.
But the
figures speak about the massive effects of
movement of geological materials.
However
there were no reservoirs downstream and the
displaced mass has been estimated from field
observation.
Cluff (1970) has reported that
the volume of displaced mass during the
Peruvian earthquake of 1970 of magnitude 7. 7
was about 50 - 80 million cubic meters. Adams
(1981) has observed that during the 1929
Buller earthquake of New Zealand the displaced

~~~s

ijlagnitudes 6.0 and above and the effect of
seismosedimentation must have been observed in
the above
listed
or
nearby
reservoirs.
Occurrence of medium to large earthquake
during the estimated life of reservoir could
be found out from available list of historical
earthquakes
and
assuming
statistical
distribution of earthquake occurrence to be
Poissonian by standard relation

P

10

about 1.2 x 10 9 kg/year.

Taking these values,
i t is o~served that the 1 x 10 12 kg sediments
generated during earthquake was equivalent to
more than 800 years of 'normal' sediments. It
is therefore much pertinent to ·examine this
issue and make realistic assessment of lives
of reservoirs in active seismic zones. As an
illustration a few reservoirs from active
seismic zones are listed in Table 2.
The
details are taken from World Register of Dams
published by the International Conunission on
Large Dams.
seen that most of the dams mentioned in
2 are of more than 100 m height.
All
dams are located in active seismic
which have experienced earthquakes of
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••• ( 3)

where ),. is the mean
annual frequency of
earthquakes and T(years) is
the
life of
reservoir.
If
the
statistical
analysis
indicates a finite (P ~ 0.6) probability of
occurrence of an earthquake, then the probable
effects of earthquake involving area affected
and likely volume of displaced mass could be
worked out.
It is not knO\'i'Il just when
earthquake of the size 7.0 or more, as seen in
New Zealand, Peru or Alaska would re-occur in
the catchment areas of rivers mentioned in
Table 2 and similar other rivers.
However
these regions are believed to have experienced
destructive
earthquakes
during
historic
periods.
At
some
locations,
the
return
periods of destructive earthquakes are of the
order of several decades or centuries.
It is
possible that some reservoirs may escape this
seismic contingency during their lifetime. In
addition to large earthquakes, small magnitude
earthquakes upto 5. 0 also contribute in a
small
way
to
the
process
of
seismosedimentation wherein small landslides
occur over highly localised areas.
The most
important
long
term
effects
are
that
earthquakes make to surface rock weathering,
as rock masses get loosened and make it more
susceptible to erosion by wind and rain.
Seismosediments are fresh and coarser and
angular, which in turn cause more erosion of

12 kg of sediments.
was about 1 x
The
s·ediment load in the Karamea catchment area of
Buller river, in the vicinity of earthquake
epicenter, varies between 0.3 x 10 9 kg/year to

It is
Table
these
areas,

=1
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banks and beds of river.
This effect
highly exhibited in alluvial rivers.

is

1561 - 1606.
Gosavi,

P.D., A.V.Bapat and S.K.Guha (1977),
Recent Indian
Earthquakes", Proc. 6th World Conference on
Earthquake Engineering, New Delhi, India, I,
233 - 241.

"f·facroseismic Studies of Four

Considering
the
present
scenario
at
international levels it is felt that the
hazardous
effects
of
seismosediments
in
reducing
the effective economic life of
reservoir could be reasonably mitigated if
there
is
useful
interaction
between
hydrologists and seismologists. The designers
could think of proper measures in design of
dam crests and downstream walls to permit safe
overtopping, the protection of abutments and
provision of bottom openings sluiceways to
flush accumulated seismosediments or provide
construction of low height 'debris-dam' at
upstream end of reservoir which could prevent
flow
of
seismosediments to main
reservoir.
Several other measures could be provided to
mitigate this seismic disaster.

International Commission on Large Dams (1973),
World
Register
of
Dams,
Published
by
I~ternational Commission on Large Dams, Paris,
France.

CONCLUSION

It is observed that periodic occurrences of
medium to major earthquakes in the vicinity of
catchment area generates additional amount of
geological materials, called seismosediments
which adversely affect lives of reservoirs in
active seismic zones.
Estimated lives of
existing reservoirs in active seismic zones
should be re-examined so as to have a
reasonable assessment of future lives.
A
mathematical relation provided in this paper
would help in these calculations.
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